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ABSTRACT
Emission-line stars are typically surrounded by dense circumstellar material, often in
form of rings or disc-like structures. Line emission from forbidden transitions trace a
diversity of density and temperature regimes. Of particular interest are the forbidden
lines of [O i] λλ6300, 6364 and [Ca ii] λλ7291, 7324. They arise in complementary,
high-density environments, such as the inner-disc regions around B[e] supergiants.
To study physical conditions traced by these lines and to investigate how common
they are, we initiated a survey of emission-line stars. Here, we focus on a sample
of nine B[e] stars in different evolutionary phases. Emission of the [O i] lines is one
of the characteristics of B[e] stars. We find that four of the objects display [Ca ii]
line emission: for the B[e] supergiants V1478 Cyg and 3 Pup the kinematics obtained
from the [O i] and [Ca ii] line profiles agrees with a Keplerian rotating disc scenario;
the forbidden lines of the compact planetary nebula OY Gem display no kinematical
broadening beyond spectral resolution; the LBV candidate V1429 Aql shows no [O i]
lines, but the profile of its [Ca ii] lines suggests that the emission originates in its
hot, ionized circumbinary disc. As none of the B[e] stars of lower mass displays [Ca ii]
line emission, we conclude that these lines are more likely observable in massive stars
with dense discs, supporting and strengthening the suggestion that their appearance
requires high-density environments.
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1 INTRODUCTION
Massive stars (> 8M⊙) play a major role in the evolu-
tion of their host galaxies. Via their stellar winds, they
strongly enrich the interstellar medium with chemically pro-
cessed material and deposit large amounts of momentum
and energy into their surroundings during their entire life-
time, before they end their lives in spectacular supernova
explosions. During their evolution, massive stars can pass
through short-lived phases of enhanced mass loss and mass
ejections. Well-known groups in such transition phases are
the luminous blue variables (LBVs), red supergiants (RSGs),
yellow hypergiants (YHGs), and B[e] supergiants (B[e]SGs).
The ejected material typically accumulates in either shells,
rings, or disc-like structures and often veils the central star.
Moreover, the conditions within the ejecta, with respect to
temperature and density, favour a rich chemistry, including
the formation of molecules and condensation of dust par-
ticles. Consequently, these stars display rich emission line
⋆ Based on observations collected with the Perek 2-m telescope
at Ondrˇejov Observatory, Czech Republic
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spectra, facilitating studies of structure and kinematics of
the cirumstellar material.
Besides the lines from the hydrogen recombination
series, forbidden emission lines belong to the prominent
features observed from circumstellar environments. The
shape and strength of their profiles provide direct access
to the structure (density, temperature) and gas dynamics
of their formation regions. The lines of [O i] λλ6300,
6364 and [Ca ii] λλ7291, 7324 have recently proven to
trace predominantely high-density gas regions, such as
the innermost disc regions of B[e]SGs (Kraus et al. 2007,
2010; Aret et al. 2012). They were also reported from a
few young stellar objects (Hamann 1994; Hartigan et al.
2004), as well as from the dense winds or outflows of YHGs
(e.g., Humphreys et al. 2013, 2014). Other forbidden lines,
such as [Fe ii], [S ii], [N ii], etc., trace regions of low(er)
density but diverse temperatures and deliver complemen-
tary information from physically disjoint regions. The
permitted lines of the Ca ii IR triplet (λλ8498, 8542, 8662)
are observed in a variety of objects, including TTauri
stars (e.g., Hamann & Persson 1992a; Kwan & Fischer
2011), Herbig Ae/Be stars (e.g., Hamann & Persson
1992b), classical Be stars (e.g., Polidan & Peters 1976;
Briot 1981; Jaschek, Jaschek, Egret & Andrillat 1988;
c© 2015 The Authors
2 A. Aret et al.
Table 1. Target list. Radial velocities Vr were derived using all available forbidden emission lines.
Identifier I Identifier II HD α δ V Classa Sp. type Ref. Vr
(J2000.0) (J2000.0) (mag) (km s−1)
V1478 Cyg MWC 349A 20 32 45.53 +40 39 36.6 13.0 B[e]SG B0-B1.5 I (1) −9 ± 2
3 Pup MWC 570 62623 07 43 48.47 −28 57 17.4 3.9 B[e]SG A2.7 Ib (2) 23 ± 2
CI Cam MWC 84 04 19 42.13 +55 59 57.7 11.8 B[e]SG cand B0-2 I (3) −51 ± 2
V1972 Cyg MWC 342 20 23 03.61 +39 29 50.1 10.6 B[e]SG cand B0-2 (4) −23 ± 1
V1429 Aql MWC 314 19 21 33.97 +14 52 56.9 9.9 B[e]SG cand B3 Ibe (5) 29 ± 1
OY Gem MWC 162 51585 06 58 30.41 +16 19 26.1 11.2 B[e] cPNe OBpe (6) 54 ± 1
V743 Mon MWC 158 50138 06 51 33.40 −06 57 59.4 6.6 B[e] uncl B6-7 III-V (7) 38 ± 1
BD+23 3183 IRAS 17449+2320 17 47 03.28 +23 19 45.4 10.0 B[e] unclb A0 (8) −17 ± 3
HD 281192 MWC 728 281192 03 45 14.72 +29 45 03.2 9.8 B[e] unclb B5 + G8 (9) 28 ± 2
a Classification according to the evolutionary state: B[e]SG (cand) = B[e] supergiant (candidate), B[e] cPNe = compact planetary
nebula B[e] star, B[e] uncl = unclassified B[e] star.
b Objects were suggested by Miroshnichenko et al. (2007) to be of FS CMa type.
References: (1) Gvaramadze & Menten (2012); (2) Klochkova et al. (2015); (3) Hynes et al. (2002);
(4) Miroshnichenko & Corporon (1999); (5) Carmona et al. (2010); (6) Jaschek et al. (1996); (7) Borges Fernandes et al.
(2009); (8) Miroshnichenko et al. (2007); (9) Miroshnichenko et al. (2015).
Table 2. Observing log.
Star H α Ca IR triplet [Ca ii]
Date Texp (s) S/N Date Texp (s) S/N Date Texp (s) S/N
V1478 Cyg 2012-08-15 3600 25 2012-08-15 3600 35 2012-08-15 3600 35
3 Pup 2011-10-16 400 135 2012-04-07 370 45 2011-10-16 400 150
CI Cam 2011-10-01 3600 60 2011-09-30 3600 40 2011-09-30 3600 50
V1972 Cyg 2011-08-19 3001 80 2012-04-30 3600 60 2011-08-18 3600 100
V1429 Aql 2012-03-24 3600 65 2012-03-24 707 25 2012-03-24 3600 50
OY Gem 2012-03-20 3600 17 2012-03-18 3169 8 2012-03-18 1347 10
V743 Mon 2012-01-31 2700 135 2012-01-31 3600 80 2012-02-03 3600 140
BD+23 3183 2011-08-23 3600 80 2012-08-15 3600 50 2011-08-23 3600 80
HD 281192 2012-08-20 3600 100 2012-08-16 3600 55 2012-08-16 3600 80
Andrillat, Jaschek & Jaschek 1988, 1990), B[e]SGs
(Kraus et al. 2010; Aret et al. 2012), and other, non-
supergiant B[e] stars (Borges Fernandes et al. 2001, 2009).
These triplet lines are often composite, possessing contribu-
tions from both a less dense wind and a dense shell or disc
(Aret et al. 2012).
Interestingly, the lower energy levels, to which the cal-
cium infrared (IR) triplet lines decay, are the upper levels
of two forbidden transitions ([Ca ii] λλ7291, 7324). There-
fore, the appearance of the [Ca ii] lines could be a suit-
able tracer for specific temperature and density conditions
within the high-density environments of emission-line stars.
Pioneering investigations have recently been started by
Aret et al. (2012) for the discs of B[e]SGs. In their stud-
ies, the authors found that the [Ca ii] lines in these ob-
jects originate from disc regions close to the star, and
the [O i] lines arise from either the same or a slightly
lower density region, i.e., from farther out. As the discs
of B[e]SGs are typically in Keplerian rotation (see, e.g.,
Millour et al. 2011; Cidale et al. 2012; Wheelwright et al.
2012; Kraus et al. 2010, 2013, 2014, 2015; Muratore et al.
2015), the analysis of the profiles of both the [Ca ii] and [O i]
lines have been used by Aret et al. (2012) to constrain the
kinematics and the inclination angles. These results, com-
bined with the outcome of earlier studies (see Kraus et al.
2005), clearly demonstrate the great potential of the differ-
ent, complementary sets of forbidden emission lines in de-
termining structure and kinematics of circumstellar gas.
However, the frequency and origin of the [Ca ii] lines in
stars with circumstellar discs or dense environments is not
well studied yet. Also unclear are the proper physical condi-
tions in terms of temperature and density ranges necessary
for the excitation of these forbidden lines. Hence, system-
atic surveys and studies of stars with high-density environ-
ments are needed to shed light on a possible link between
the appearance of the [Ca ii] lines and other prominent disc
emission features, such as the [O i] and the Ca ii IR triplet
lines, and to provide important information on the physical
conditions in their formation regions. Therefore, we started
a survey of emission-line stars and disc sources in a variety
of evolutionary stages, aimed at finding objects that show
the strategic [Ca ii] and [O i] lines as possible tracers of high-
density discs or shells.
One group of stars surrounded by dusty shells, rings
or discs, as is evident from their infrared excess emission
(Allen & Swings 1976), are the B[e] stars (or, more precisely,
stars showing the B[e] phenomenon). The optical spectra
of these objects typically display strong Balmer line emis-
sion, together with emission of low-ionized metals from both
permitted and forbidden transitions. These spectral char-
acteristics are seen in stars of diverse evolutionary phases.
Lamers et al. (1998) were the first to sort B[e] stars accord-
MNRAS 000, 1–15 (2015)
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ing to their evolutionary stage. They found pre-main se-
quence (Herbig Ae/B[e]) stars, as well as evolved objects
such as compact planetary nebulae and B[e]SGs. In addition,
several B[e] stars turned out to be symbiotic objects. How-
ever, for more than half of the known B[e] stars no appropri-
ate evolutionary stage could be assigned, either because of
the lack of proper stellar parameters, such as distance hence
luminosity, or because the stars display spectral characteris-
tics in common with more than just one classification. These
stars are gathered within the group of unclassified B[e] stars.
2 OBSERVATIONS AND DATA REDUCTION
Our sample contains nine Galactic northern B[e] stars of dif-
ferent masses and in different evolutionary stages. In partic-
ular, we have three supergiants, two supergiant candidates,
one compact planetary nebula, and three B[e] stars with un-
clear evolutionary state. The objects are listed in Table 1
together with their coordinates, V band magnitudes, classi-
fication, and spectral types collected from the literature.
The observations were obtained using the Coude´ spec-
trograph attached to the Perek 2-m telescope at Ondrˇejov
Observatory (Sˇlechta & Sˇkoda 2002). We used the 830.77
lines mm−1 grating produced by Bausch & Lomb with a
SITe 2030×800 CCD. Spectra were taken in three different
wavelength regions: around H α (6250 A˚ to 6760 A˚), in the
region of the [Ca ii] λλ7291, 7324 lines (6990 A˚ to 7500 A˚),
and in the region of the Ca ii IR triplet (8470 A˚ to 8980 A˚).
The H α region also encloses the two [O i] λλ6300, 6364 lines.
The spectral resolution achieved in each range is R ≃ 13 000
in the H α region, R ≃ 15 000 in the [Ca ii] region, and R ≃
18 000 in the Ca ii IR triplet region. For wavelength cali-
bration, a comparison spectrum of a ThAr lamp was taken
immediately after each exposure. The stability of the wave-
length scale was verified by measuring the wavelength cen-
troids of [O i] sky lines. The velocity scale remained stable
within 1 kms−1.
Spectra in the three different wavelength regions were
taken within the same night or, if this was not possible,
close in time. Details on the observations and the quality
of the spectra are provided in the observing log (Table 2).
The data were reduced using standard IRAF1 tasks, such
as bias subtraction, flat-field normalization, and wavelength
calibration. To perform telluric corrections in all three wave-
length regions, telluric standard stars were observed each
night. The final spectra were corrected for heliocentric and
systemic velocities and normalized. The systemic velocities
were obtained from the forbidden lines in our spectra, and
the values are included in Table 1.
3 RESULTS
Figs. 1-3 display the spectral ranges around the forbidden
lines of our interest. Shown are the regions of the [O i]
λλ6300, 6364 lines (left) and of the [Ca ii] λλ7291, 7324 lines
1 IRAF is distributed by the National Optical Astronomy Obser-
vatories, which are operated by the Association of Universities for
Research in Astronomy, Inc., under cooperative agreement with
the National Science Foundation.
(right). We grouped the B[e]SGs in Fig. 1, the B[e]SG can-
didates and the compact planetary nebula in Fig. 2, and the
remaining objects in Fig. 3. Maintaining the same order of
the stars, we show in Figs. 4-6 the H α line (left) and the
Ca ii IR triplet (λλ8498, 8542, 8662, right). The latter region
also encompasses four hydrogen Paschen (Pa) lines, Pa(16)
to Pa(13). Three of them appear in the close vicinity of the
Ca ii triplet lines. In most of our spectra, Ca ii triplet and
Paschen lines are blended, hampering a clear identification
and classification of their profile shapes. The wavelengths of
all these lines are marked in each panel and their identifica-
tion is given on top of the figures.
Inspection of the spectra reveals that all objects display
[O i] emission, except CI Cam and, possibly, V1429 Aql. Al-
though V1429 Aql has a weak emission feature in the vicinity
of the wavelength of the [O i] λ6300 line, its radial velocity of
only ∼ 5± 10 km s−1 disagrees with the value measured from
other emission lines in that star (29± 1 kms−1, see Table 1).
The two objects have further in common that their H α
line is single peaked, while in all other stars H α is double-
peaked, with the red peak typically more intense than the
blue one.
The [Ca ii] lines are detected in four objects: V1478 Cyg,
3 Pup, V1429 Aql, and OY Gem. All stars with [Ca ii] emis-
sion also have emission in the Ca ii IR triplet lines. The
reverse is, however, not true, with CI Cam, V1972 Cyg, and
V743 Mon as examples. In the latter two stars the triplet
lines are strongly blended with broad Paschen line emission
that dominates the red spectra. In contrast, the triplet lines
are prominent in 3 Pup and V1429 Aql, in which the Pa
lines are either in absorption or present only weak emission
features, respectively. Two of the objects, BD+23 3183 and
HD 281192, display emission of neither the [Ca ii] nor the
IR triplet lines. Both stars are unclassified regarding their
evolutionary phase, but are presumably dwarfs with masses
< 8M⊙ (Miroshnichenko et al. 2007, 2015).
Where appropriate, we measure the width of the lines
in velocity units at the continuum level and at half of the
maximum value, and for the double-peaked lines also the
peak separation. These values, together with a description
of the shape of the individual lines, are listed in Table 3 for
the forbidden lines of [O i] and [Ca ii]. For H α and the Ca ii
IR triplet, we only provide details on their profile shape (if
resolved) in Table 4. Moreover, stellar parameters were col-
lected from the literature and summarized in Table 5. In this
table we also provide information on the existence of a cir-
cumstellar disc and on emission of CO bands, which could
mark the inner rim of the molecular disc. We mark the pres-
ence of a disc only for those objects with yes, for which a
definite proof for the existence is available, either directly
from (spectro-)polarimetric or interferometric observations,
or indirectly from kinematical analyses of a large number
of emission lines. Although a double-peaked H α line profile
is a strong indication for a gas disc, this alone cannot be
considered as a proof of a disc-like structure, because such
a profile can arise in a variety of configurations of the cir-
cumstellar matter, even in a spherically symmetric wind, as
shown by Cidale & Ringuelet (1993). Hence, stars that were
reported so far only as having a double-peaked H α line pro-
file are marked in the table with uncertain disc presence. In
the following, we review each object and discuss the observed
MNRAS 000, 1–15 (2015)
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Table 3. Shapes (Sh), peak separations (PS, in km s−1), full widths at zero intensity (ZI, in km s−1) and full widths at half
maximum (HM, in km s−1) of forbidden oxygen and calcium lines. Errors are shown as superscript. Classification of the line
profile types: S – single peaked emission line; D – double peaked emission line; W – weak emission line with unclear (not resolved)
profile shape; X – no line detected.
Object [O i] 6300 A˚ [O i] 6364 A˚ [Ca ii] 7291 A˚ [Ca ii] 7324 A˚
Sh PS ZI HM Sh PS ZI HM Sh PS ZI HM Sh PS ZI HM
V1478 Cyg S – 15010 632 S – 16015 682 D n.r. 15020 805 D 411 14020 905
3 Pup D 485 16510 1055 W – 19025 9310 D 658 14715 1058 D 565 15015 958
CI Cam X – – – X – – – X – – – X – – –
V1972 Cyg S – 1435 45.61 S – 1445 45.51 X – – – X – – –
V1429 Aqla W – 14020 615 X – – – D 612 1565 1053 D 622 1465 1092
OY Gem S – 12010 392 S – 11510 372 S – 8010 271 S – 705 241
V743 Mon S – 1566 521 S – 14213 511 X – – – X – – –
BD+23 3183 S – 15010 12010 S – 12010 415 X – – – X – – –
HD 281192b S – 16010 781 S – 17020 802 X – – – X – – –
aIdentification of the [O i] 6300 A˚ line uncertain. bIndication of a slightly (but unresolved) double-peaked profile of the [O i]
lines.
Table 4. Shapes of H α and Ca ii IR triplet lines. Classification of
the line profile types: S – single peaked emission line; D – double
peaked emission line; B – emission line strongly blended with Pa
line, no classification possible; DWA – double peaked emission
line on top of wide absorption component; X – no line detected.
Object H α Ca ii Ca ii Ca ii
8498 A˚ 8542 A˚ 8662 A˚
V1478 Cyg D D D D
3 Pup DWA D D D
CI Cam S D D D
V1972 Cyg D Ba Ba Ba
V1429 Aql S S S S
OY Gem D S S S
V743 Mon D B B B
BD+23 3183 DWA X X X
HD 281192 DWA X X X
aIdentification uncertain.
spectral appearance in the frame of the characteristics of the
circumstellar environment.
V1478 Cyg = MWC 349A
V1478 Cyg (MWC 349A) is the more massive component of
MWC 349. The B component is a B0 III star, located 2.4′′
west of the main component, which is a highly reddened
(AV ≃ 10mag) B0-1.5 I star. Luminosity determinations for
the main component range from ∼ 3× 104 L⊙ (Cohen et al.
1985) to (4 − 8) × 105 L⊙ (Gvaramadze & Menten 2012).
V1478 Cyg is one of the brightest radio sources, and its
emission at 2 cm shows an hourglass-shaped bipolar nebula
(White & Becker 1985).
Besides a high-density ionized wind, V1478 Cyg dis-
plays strong infrared excess emission, and near-infrared
speckle interferometry resolved a disc-like dust structure ori-
ented in east-west direction, seen nearly edge-on (Leinert
1986; Mariotti et al. 1983). V1478 Cyg is unique in the
sense that it is the only object with hydrogen recom-
bination maser line emission in the mm and sub-mm
range (e.g., Mart´ın-Pintado et al. 1989). These masers orig-
inate from a dense gas disc, and the kinematics, ob-
tained from their line profiles, imply Keplerian rota-
tion of the disc (Thum, Mart´ın-Pintado & Bachiller 1992,
Thum et al. 1994a), as well as a rotating wind emanating
from the disc (Mart´ın-Pintado et al. 2011; Ba´ez-Rubio et al.
2013). Furthermore, CO band emission has been detected
(Geballe & Persson 1987; Kraus et al. 2000). The latter au-
thors suggested that this emission originates from the far
side of the inner molecular edge of the Keplerian disc.
Marston & McCollum (2008) discovered a thin H α
shell of approximately 2.5′ diameter north of V1478 Cyg
and a parsec-scale hourglass-shaped nebula is also seen in the
mid-infrared (Gvaramadze & Menten 2012; Strelnitski et al.
2013). The observed characteristics favour an evolved nature
of the star (Hofmann et al. 2002; Gvaramadze & Menten
2012). However, a pre-main sequence evolutionary stage can-
not be ruled out, based on the recently discovered proximity
of V1478 Cyg to a molecular cloud with identical radial ve-
locity (Strelnitski et al. 2013).
V1478 Cyg displays a pure emission line spectrum in
the wavelength ranges covered by our observations. With a
line intensity of about 300 times the continuum, V1478 Cyg
is the strongest H α emitting source of our sample. The line
profile is double-peaked with the red peak about twice the
intensity of the blue peak. The Paschen lines are narrow and
slightly double-peaked. They are blended with the Ca ii IR
triplet lines, which are also double-peaked alike the [Ca ii]
lines. Only the [O i] lines show single-peaked profiles, but
have been reported by Zickgraf (2003) to be slightly split
as well when observed with (much) higher resolution. The
diversity in the line profiles of the forbidden lines would be
in agreement with the B[e]SG disc scenario of Aret et al.
(2012) in which the [O i] lines formed farther away from the
star (at smaller rotational velocity) than the [Ca ii] lines.
3 Pup = MWC 570 = HD 62623
3 Pup is so far the only known Galactic A[e] supergiant.
Emission from the Ca ii IR triplet and the [Ca ii] lines was
seen by Hiltner (1947) and Danks & Dennefeld (1994), al-
though the latter authors mistakenly identified the [Ca ii]
lines as the [O ii] doublet lines. Based on radial velocity
variations, Plets, Waelkens & Trams (1995) proposed that
3 Pup could be an interacting binary surrounded by gas and
MNRAS 000, 1–15 (2015)
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Table 5. Stellar parameters of the sample stars.
Star Teff logL/L⊙ M∗ Disc i
a CO Bands Reference
[K] [M⊙] [◦]
V1478 Cyg 24 000 ± 4 000 5.75 ± 0.15 38 yes 82 emis (1), (2), (3), (4)
3 Pup 8 250 ± 250 4.33 ± 0.09 15-20 yes 38 emis (5), (6)
CI Cam 24 000 ± 6 000 > 5.4 > 12 possiblyb ∼ 0 emis (7), (8)
20 000 ± 2 000 < 4.0 uncertain no (9), (10)
V1972 Cyg 26 000 4.2 ± 0.4 – uncertain – no (11), (12), (13)
V1429 Aql 18 000 5.85 66 ± 9c yes 73 ± 13 no (14), (15), (10)
OY Gem 28 000 3.8 0.62 uncertain – no (16), (17)
V743 Mon 13 200 ± 500 3.06 ± 0.27 5 yes 56 ± 4 no (18), (19), (6)
BD+23 3183 10 000 < 4 uncertain – unknown (20)
HD 281192 14 000 4 ± 0.5 uncertain – abs (21), (22)
a Inclination angle of the system rotation axis with respect to the line of sight. Inclination of 90◦ means edge-on view of the disc.
b During the outburst phase. c Total mass of the binary system.
References: (1) Hofmann et al. (2002) (2) Ba´ez-Rubio et al. (2013); (3) Geballe & Persson (1987); (4) Kraus et al. (2000);
(5) Millour et al. (2011); (6) Muratore et al. (2012a); (7) Hynes et al. (2002); (8) Clark et al. (1999); (9) Miroshnichenko et al.
(2002); (10) Liermann et al. (2014); (11) Miroshnichenko & Corporon (1999); (12) Oudmaijer et al. (2005); (13) M.L. Arias,
private communication; (14) Lobel et al. (2013); (15) Muratorio et al. (2008); (16) Arkhipova & Ikonnikova (1992);
(17) Venkata Raman & Anandarao (2008); (18) Borges Fernandes et al. (2009); (19) Borges Fernandes et al. (2011);
(20) Miroshnichenko et al. (2007); (21) Miroshnichenko et al. (2015); (22) Arias et al. in preparation.
a dusty disc. Their analysis revealed an orbital period of
either 131 or 161 days.
No remarkable deviation from spherical symmetry of
the dusty envelope was noticed by Monnier et al. (2004) im-
plying that the disc is probably seen close to pole-on. In-
terferometric observations with VLTI/MIDI (Meilland et al.
2010) and VLTI/AMBER (Millour et al. 2011) resolved the
disc and constrained the inclination angle to 38◦. The disc
consists of an inner, ionized gaseous part and an outer
dusty part. This disc seems to be detached from the cen-
tral star, as no emission was detected from the innermost
region (Millour et al. 2011). This gap between star and
disc could be caused by a close companion, as suggested
from radial velocity variability (Plets et al. 1995). However,
interferometry revealed no indication for such a compan-
ion (Millour et al. 2011). A double-peaked emission profile
of Br γ was resolved by AMBER and clearly attributed
to rotation of the gas disc (Millour et al. 2011). Double-
peaked profiles were also reported for the optical emis-
sion lines from both permitted and forbidden transitions
(Chentsov, Klochkova & Miroshnichenko 2010), as well as
from CO band and SiO band emission in the near-infrared
region (Muratore et al. 2012b; Kraus et al. 2015), support-
ing the Keplerian rotating disc scenario.
Our spectra show that all strategic lines ([O i], [Ca ii],
Ca ii IR triplet, and H α) are in emission with double-peaked
profiles. Remarkably, H α has the least intensity of all our
sample stars, supporting the results from the infrared spec-
tra, i.e. a lack of gas in the vicinity of the star. Its nar-
row emission profile is superimposed on a wider absorption
profile. The peak separation of ∼120 km s−1 measured from
our H α profile agrees with the velocity obtained for Br γ
(Millour et al. 2011). Hence, both lines should originate from
the same region, i.e., from the detached gas ring resolved by
interferometry (Millour et al. 2011). The Paschen lines are
in pure absorption. Their broad wings are blended with the
emission from the Ca ii IR triplet lines. The appearance of
both sets of forbidden emission lines indicates a high density
within the gaseous disc of 3 Pup.
CI Cam = MWC 84
The star CI Cam was identified as the optical counter-
part of the X-ray source XTEJ0421+560. It is an ec-
centric binary system consisting of a bright optical ob-
ject and a compact companion, possibly a white dwarf
(e.g., Ishida, Morio & Ueda 2004). Barsukova et al. (2006)
derived a period of 19.41 days and an eccentricity of 0.62.
Furthermore, they suggested the primary to be a massive
(> 12M⊙) star.
CI Cam became famous due to its spectacular outburst
in 1998 over the complete wavelength range, from γ-ray to
radio, during which the object brightened by 2-3 magni-
tudes. At that time, optical (e.g., Robinson, Ivans & Welsh
2002) and infrared spectroscopy (e.g., Clark et al. 1999) re-
vealed a rich emission line spectrum that changed drasti-
cally with time, indicating a highly dynamical environment,
dense enough to hide the central star. Most of the emis-
sion lines presented triple-peaked profiles, suggesting a gas
disc seen under an intermediate inclination angle, and an
additional dense, probably ring-shaped region farther away
from the star (Miroshnichenko et al. 2002). Strong near- and
mid-infrared excess emission due to circumstellar dust was
reported by Allen (1973). Hynes et al. (2002) concluded that
this dust must be located in the outer region of the gas
disc, and follow-up studies using long baseline optical inter-
ferometry in the H and K spectral bands confirmed that
the hot dust is confined within a skewed, asymmetric ring
(Thureau et al. 2009).
Based on the spectral properties and the existence of
a molecular and dusty disc, the primary of CI Cam was
suggested by Clark et al. (1999) and Hynes et al. (2002) to
belong to the group of B[e]SGs. Indication for the typical
two-component B[e]SG wind (see Zickgraf et al. 1985) was
found by Robinson et al. (2002) and Hynes et al. (2002).
Marston & McCollum (2008) discovered an extended faint
H α shell around CI Cam. However, proper spectral clas-
sification of the B[e]SG component turned out to be diffi-
cult due to the uncertain distance and the absence of pho-
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Figure 1. Spectral portions of B[e]SG stars covering the strategic forbidden lines of [O i] λλ6300, 6364 and [Ca ii] λλ7291, 7324. The
wavelengths of the lines are marked by ticks. Spectra are corrected for heliocentric and systemic velocities.
tospheric lines. Barsukova et al. (2006) derived a spectral
type of B4 III-V, but the spectral energy distribution is also
in agreement with an earlier classification of B0–B1 III by
Thureau et al. (2009), while Hynes et al. (2002) obtained
B0–B2 I and a luminosity of logL/L⊙ >∼ 5.4.
Our spectra for CI Cam display numerous, narrow emis-
sion features, most of them single-peaked. The Paschen lines
and the adjacent lines from the Ca ii IR triplet appear
slightly double-peaked. None of the lines in the spectral re-
gions covered by our observations show the triple-peaked
profiles reported by (Miroshnichenko et al. 2002), but it can
also be caused by the lower resolution of our spectra. The
similarity of our data to those obtained in 1987 (the pre-
outburst phase) by Zickgraf (2003), who observed the same
profile of the H α line and reported on the lack of notice-
able [O i] emission, indicates that the system is back in its
pre-outburst phase. This could mean that during the last
few years, the conditions in the circumstellar matter have
changed, i.e., parts of the ejected gaseous material probably
expanded and diluted. Evidence for such a scenario comes
also from recent observations in the near-infrared spectral
range, which revealed that CI Cam lost its CO band emis-
sion (Liermann et al. 2014). Expansion and dilution of the
previously ejected material would also explain why we could
not detect any emission in either [Ca ii] or [O i].
V1972 Cyg = MWC 342
This star was identified by Merrill & Burwell (1933) as an
emission-line object, being either in the pre-main sequence
(Herbig Ae/Be star, Bergner et al. 1990) or in an evolved
evolutionary phase, perhaps as part of a binary system
(Miroshnichenko & Corporon 1999).
Optical and infrared polarization is very small, hint-
ing towards some slight asymmetries of the envelope
MNRAS 000, 1–15 (2015)
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Figure 2. As Fig. 1, but for the two B[e]SG candidates and the compact planetary nebula.
(Bergner et al., 1990; Oudmaijer, Drew & Vink 2005), but
providing no clear indication for presence of an ionized cir-
cumstellar disc. Marston & McCollum (2008) found a faint
H α shell around that star. K-band observations display
strong emission of the hydrogen Pfund series, but no CO
band emission (M. L. Arias, private communication). These
characteristics are similar to the LBV candidate V1429 Aql
(Liermann et al. 2014) and other LBV stars surveyed in the
near-infrared so far (Oksala et al. 2013).
Our spectra of V1972 Cyg display strong emission of
H α and the Paschen lines. H α is double-peaked with the red
peak about 3.5 times more intense than the blue one. The
Paschen lines display prominent broad, but single-peaked
profiles with extended wings, which are strongly blended
with the lines of the Ca ii IR triplet. No [Ca ii] lines were
detected. The [O i] lines appear as intense, narrow, single-
peaked emission features. Their possible split of 10 km s−1
reported by Zickgraf (2003) from high-resolution data, can-
not be resolved. Such a split of the forbidden emission lines
implies that they are formed either in a rotating ring or
an equatorial outflow of dense, neutral gas. The absence of
the [Ca ii] lines indicates that the circumstellar gas must be
less dense than in typical B[e]SGs, and the lack of molec-
ular emission implies that the circumstellar material is not
confined within a disc or ring.
V1429 Aql = MWC 314
The object V1429 Aql was discovered by Merrill (1927)
as a star showing bright iron lines. The stellar pa-
rameter determination via the Balmer discontinuum
method failed due to the crowded emission line spectrum
(Cidale, Zorec & Tringaniello 2001). Alternative methods
revealed a temperature ranging from 32 000K, based on the
He i lines, to 26 700K, when considering the visible line spec-
trum and energy distribution. The latter is close to the value
MNRAS 000, 1–15 (2015)
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Figure 3. As Fig. 1, but for the unclassified B[e] stars.
of 25 000K suggested by Miroshnichenko et al. (1998), while
Carmona et al. (2010) found a much lower value of 16 200K.
Earlier optical spectroscopic observations reported sym-
metric Balmer lines, He i lines, and numerous, mainly
double-peaked lines from permitted and forbidden tran-
sitions in neutral and low-ionized metals, including the
lines of the Ca ii IR triplet (Miroshnichenko et al. 1998;
Carmona et al. 2010). The presence of the [Ca ii] lines was
suggested by Miroshnichenko et al. (1998), but their spec-
tra suffer from telluric pollution, altering the shapes and
strengths of these lines.
The double-peaked line profiles imply a non-
spherical symmetry of the wind, and H α imaging by
Marston & McCollum (2008) revealed a very large bipolar
nebula structure with approximately 15′ in total length.
Considering a distance of ∼ 3 kpc, this results in a total
extension of the bipolar structure of 13.5 pc from end to
end, which is about 5 times larger than sizes of typical LBV
nebulae. Bipolarity is also often observed in LBVs, and
the morphology of the bipolar nebula around V1429 Aql
strongly resembles the one seen around η Car, suggesting
that a circumstellar disc could have caused the shaping of
the nebula. A rotating disc hypothesis is also supported by
the line formation studies by Muratorio, Rossi & Friedjung
(2008). However, if present at all, dust does not provide a
major constituent of this disc because the spectral energy
distribution shows no indication for an infrared excess due
to circumstellar dust. The absence of measurable amount
of dust implies that V1429 Aql is not a classical B[e]SG
candidate.
Indeed, Lobel et al. (2013) found that V1429 Aql is
a massive semi-detached binary (P = 60.8 d, eccentricity
e = 0.23, total massM ≃ 66± 9M⊙, and maximum distance
between stars a = 1.22AU), consisting of a hot (18 000K)
and luminous (7.1× 105 L⊙) primary star (possibly in an
LBV-like state) with mass ∼ 40M⊙, and a cool (∼ 6300K)
MNRAS 000, 1–15 (2015)
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Figure 4. Spectral portions of B[e]SG stars covering the strategic lines of H α and the Ca ii λλ8498, 8542, 8662 IR triplet. The wavelengths
of the lines (including the four Paschen lines) are marked by ticks. Spectra are corrected for heliocentric and systemic velocities.
secondary with mass ∼ 26M⊙. With an inclination angle of
17◦± 13◦, the system is seen almost equator on, as is also
inferred from the light curve characteristic for an eclipsing
system. The inclination angle also agrees with the value of
25◦± 5◦ suggested by Muratorio et al. (2008) for the orien-
tation of the rotating (circumbinary) gas disc. The period
of the system was confirmed by Frasca et al. (2015) who ob-
tained P = 60.7 d based on detailed analysis of absorption
and emission lines in spectra covering a period of about 15
years.
Investigations of the near-infrared appearance of
V1429 Aql revealed that it shows strong emission in the hy-
drogen Pfund series, while no indication for CO band emis-
sion could be found (Liermann et al. 2014). Such a behavior
seems to be typical for LBVs (Oksala et al. 2013), support-
ing the LBV classification of V1429 Aql.
Both the LBV status of the primary as well as the
masses of the binary components were recently questioned
by Richardson et al. (2016), based on combined spectro-
scopic, interferometric and photometric observations. While
the results of Lobel et al. (2013) are a possible solution,
Richardson et al. (2016) propose a much lower total mass
of the system of 20M⊙ only and a mass ratio M2/M1 = 3,
and suggest that strong mass transfer in an interacting bi-
nary could have caused the reversal. However, the authors
state that their investigations provide no unique solution
and more observations are definitely needed to resolve this
issue.
Our data show no clear evidence for [O i] line emission
in agreement with the earlier observations. This is another
indicator that V1429 Aql is not a typical B[e]SG. H α and
the Paschen lines are in emission and have a symmetric
single-peaked profile shape. The strength of the H α line is
comparable to the one of Miroshnichenko et al. (1998), but
stronger than the one reported by Carmona et al. (2010).
Variability in H α and R-band polarization on time-scales of
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Figure 5. As Fig. 4, but for the two B[e]SG candidates and the compact planetary nebula.
days to weeks has been notified by Wisniewski et al. (2006).
The origin of this variability could be due to the binarity
(Wisniewski et al. 2006; Muratorio et al. 2008; Lobel et al.
2012), while other studies suggest V1429 Aql might perform
non-periodic pulsations as they appear in strange modes,
typical for LBVs (Rossi et al. 2011). Furthermore, our spec-
tra display strong emission in both the Ca ii IR triplet lines
and the [Ca ii] lines. While the profiles of the triplet lines
appear symmetric and single-peaked, those of the forbidden
lines are clearly double-peaked with the blue peak slightly
more intense due to blending with adjacent emission lines.
OY Gem = MWC 162 = HD 51585
The object OY Gem was discovered as an emission-line
star by Merrill & Burwell (1933). Many forbidden emis-
sion lines (including lines of [O i] and [Ca ii]) from tran-
sitions covering a large range in excitation energies have
been identified in extensive spectroscopic observations (see,
e.g., Klutz & Swings 1977; Arkhipova & Ikonnikova 1992;
Jaschek, Andrillat & Jaschek 1996). The object displays in-
frared excess emission (Allen & Swings 1976), but no in-
dication for extended H α emission (Marston & McCollum
2008).
Photometry and emission line strengths display strong
variability on different time-scales (see, e.g., Arkhipova et al.
2006), which are interpreted as due to variability in the
stellar wind. Wheelwright, Oudmaijer & Goodwin (2010)
found indication for a companion based on spectroas-
trometric observations. They list OY Gem as a Herbig
Ae/Be star. However, Herbig Ae/Be and post-AGB stars
have many common emission features in their spectra.
And in fact, high-ionization forbidden emission lines, the
presence of two detached shells (Arkhipova & Ikonnikova
1992; Venkata Raman & Anandarao 2008) with hot (1100–
1200K) and cold (150–180K) carbon-rich dust detected with
Spitzer (Cerrigone et al. 2009), and the absence of any spec-
troscopic evidence for accretion over the last decades clearly
MNRAS 000, 1–15 (2015)
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Figure 6. As Fig. 4, but for the unclassified B[e] stars.
speak in favor of classification as post-AGB or compact plan-
etary nebula rather than as a pre-main sequence object.
The forbidden lines in our spectra of OY Gem are
sharp and single peaked. The exception is H α, which has
a double-peaked profile with the red peak ∼ 3.5 times the
intensity of the blue one. The intensity of the H α line in
OY Gem is among the strongest in our sample. Further-
more, the wings of the H α line extend to large velocities
(∼ 3200± 100 kms−1). Such broad wings (of ∼ 2900 kms−1)
have also been reported by Swings & Andrillat (1981), not
only for H α, but also for higher Balmer lines. In contrast,
the Paschen lines are very narrow and only slightly blended
with the equally narrow Ca ii IR triplet lines. OY Gem has
by far the strongest [O i] and [Ca ii] lines of all our sample
stars, comparable to those typically seen in post-AGB stars.
V743 Mon = MWC 158 = HD 50138
The star V743 Mon belonged to the group of unclassi-
fied B[e] stars for a long time. It displays strong spectral
as well as small-scale photometric variabilities, which are
suggested to be caused by shell phases of the star (e.g.,
Andrillat & Houziaux 1991; Borges Fernandes et al. 2009),
and at least one larger outburst was recorded in 1978/79
(Hutsemekers 1985). However, no extended H α emission
was detected by Marston & McCollum (2008).
V743 Mon has often been referred to as a Herbig (hence
pre-main-sequence) star, but the lack of a close-by star-
forming region in combination with regular shell phases of
the star, which are not observed in pre-main-sequence stars,
make such a classification rather doubtful. V743 Mon was
recently re-classified by Borges Fernandes et al. (2009) as a
B6–7 III–V star of ∼ 5M⊙, located at the end of the main se-
quence. An extended, dusty disc, seen under an inclination of
56◦± 4◦, was discovered by Borges Fernandes et al. (2011).
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Figure 7. Kinematic model fits (dashed blue) to the observed profiles (solid red) of the forbidden lines.
Table 6. Disc kinematics.
[Ca ii] [O i]
Star vrot[km s−1] R [AU] vrot[km s−1] R [AU]
V1478 Cyg 38±1 24.6±1.3 25±1 55.7±5.9
3 Pup 72±1 3.0±0.4a 68±1 3.4±0.5a
1.67±0.13b 1.87±0.14b
V1429 Aql 50±1 23.4±4.0 − −
OY Gem 0 − 0 −
a Using the mass range of Millour et al. (2011);
b using a mass range of 9–10.5 M⊙, see Sect. 4.
Based on spectroastrometric observations, Baines et al.
(2006) suggested that V743 Mon could be a binary sys-
tem. However, no indication for a companion has been
found from either spectroscopic or interferometric observa-
tions (Borges Fernandes et al. 2011). As an additional cu-
riosity, the recent analysis of line-profile variability of pho-
tospheric lines suggests that the star could be pulsating
(Borges Fernandes et al. 2012). The confirmation is, how-
ever, still pending.
The shape of the H α line profile agrees with the pres-
ence of a gaseous disc seen at intermediate inclination. The
Paschen lines are broad and seem to consist of multiple
components. Emission in the Ca ii IR triplet lines seems to
be present, but these lines are strongly blended with the
Paschen lines, while the [Ca ii] lines are absent. The [O i]
lines are narrow and single-peaked.
BD+23 3183 = IRAS 17449+2320
Not much is known yet about the object BD+23 3183.
It was discovered as a new H α emission-line star by
Stephenson (1986), who listed it as number 145 in his cat-
alogue. Downes & Keyes (1988) performed a follow-up low-
resolution optical spectroscopic study in which they classify
it as Be star. The detection of a strong infrared excess and
of [O i] emission resulted in the classification as B[e] star
(Miroshnichenko et al. 2007). Other lines such as Fe ii, He i,
and Mg ii were in pure absorption, suggesting a spectral type
of A0 and classification as a dwarf star.
Our spectra confirm the presence of [O i] and Balmer
line emission. However, compared to the observations by
Miroshnichenko et al. (2007) the blue peak of our H α line
is much less intense. The Paschen lines display small and
narrow central emission features superimposed on the broad
photospheric absorption component similarly to what was
seen for H β (Miroshnichenko et al. 2007). The H α emission
line shows also indication for an underlying photospheric ab-
sorption component, extending to higher velocities than the
emission wings. The spectra show no evidence for calcium
line emission, neither in [Ca ii] nor in the Ca ii IR triplet.
HD 281192 = MWC 728
The object HD 281192 was first detected as an emission-line
star by Merrill & Burwell (1949) and listed in their second
supplement to the Mount Wilson Catalogue of early-type
emission-line stars. Although HD 281192 shares its IRAS
colours with typical OH/IR stars, no OH maser lines were
detected by Chengalur et al. (1993). Miroshnichenko et al.
(2007) obtained high-resolution optical spectra and reported
the emission of double-peaked profiles of [O i] and the
Balmer lines, while the iron lines were in pure absorption.
Furthermore, from the presence of weak absorption features
of Li i and Ca i these authors propose a binary nature of
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HD 281192. Support for a companion is also provided by
recent K-band spectra, which revealed CO bands in absorp-
tion (Arias et al., in preparation), typically seen from the at-
mospheres of late-type giants. Indeed, Miroshnichenko et al.
(2015) found that the system consists of a B5Ve primary and
a G8 III secondary, and has an orbital period of 27.5 d. They
also report on non-periodic variability of the emission lines.
Our spectra confirm the presence of pronounced, narrow
[O i] lines and a double-peaked H α emission with the red
peak about twice as intense as the blue peak. The emission
is superimposed on a much wider absorption. Our [O i] lines
are single-peaked, but our spectra have lower resolution than
those obtained by Miroshnichenko et al. (2007, 2015). The
shape of the emission features in our spectra are very similar
to those in BD+23 3183, but the intensities of H α and the
[O i] lines in BD+23 3183 are approximately twice and half
as strong, respectively. No indication for [Ca ii] or the Ca ii
IR triplet is found.
4 DISCUSSION
The former studies of forbidden emission lines in a sample
of B[e]SGs by Aret et al. (2012) revealed that the kinemat-
ics, derived from the line profiles, agrees with the scenario
of a Keplerian rotating disc, in which the [Ca ii] lines are
formed closest to the star, followed by the [O i] λ5577 line
and the [O i] λλ6300, 6364 lines. The hypothesis of Kep-
lerian rotation of these circumstellar discs is further sup-
ported by near-infrared studies, focused on the molecular
CO band emission, which shows indication for rotational
broadening as well (Cidale et al. 2012; Oksala et al. 2013;
Wheelwright et al. 2012; Kraus et al. 2013; Muratore et al.
2012b, 2015).
Only three objects in our sample display emission in
the two strategic sets of forbidden lines, [O i] and [Ca ii].
These are the two B[e]SGs V1478 Cyg and 3 Pup, and the
compact planetary nebula star OY Gem. The LBV candi-
date V1429 Aql only displays the [Ca ii] lines, but no [O i]
emission. Except for OY Gem, all these stars are confirmed
disc sources (see Table 5), and the line profiles clearly show
kinematic broadening. The remaining object with confirmed
disc in our sample, V743 Mon, has only the B[e] star char-
acteristic [O i] emission. As the line profile is single-peaked,
no reliable constraints with respect to the kinematics in the
line-forming region can be obtained.
In the remaining, we focus on the objects with [Ca ii]
emission. For clearer inspection of the line profile shapes, we
subtracted the continuum and scaled the line intensities to
unity. These profiles are displayed in Fig. 7. In both B[e]SGs,
the [Ca ii] line is clearly double-peaked and broader than
the [O i] line, in agreement with the Keplerian disc scenario
for this type of objects. Also in V1429 Aql, the [Ca ii] lines
have double-peaked profiles. Because our spectra have only
medium resolution (∼ 23 kms−1 at [O i] and ∼ 20 kms−1 at
[Ca ii]), the peak separation, listed in Table 3, does not pro-
vide proper rotational velocities. Therefore, we applied a
simple, purely kinematic model to compute line profiles for
comparison with the observations. Assuming that the emis-
sion originates from a narrow (i.e. constant velocity) rotating
ring, we calculate the profile shape considering only rota-
tional velocity, projected to the line of sight according to
the observed inclination angles (Table 5), and the resolution
of the spectrograph. In all cases, we obtain good fits to the
observed line profiles, demonstrating that the observed emis-
sion originates indeed from a narrow ring region. These fits
are included in Fig. 7, and the corresponding rotational ve-
locities are listed in Table 6. Also listed are the correspond-
ing radii of the emitting rings assuming Keplerian rotation.
For OY Gem, no kinematic broadening beyond the spec-
tral resolution was needed to fit the line profile shapes. If
this object has a disc, it must be oriented pole-on. Or, if
the emission originates from a shell, that was ejected during
the former AGB phase, the expansion velocity of the mate-
rial must have decelerated to (almost) zero. High-resolution
spectra are clearly needed to properly resolve profile shapes
and to investigate the kinematics.
Despite the reported disc around the LBV candidate
V1429 Aql (MWC 314) and the detection of the [Ca ii]
lines, no [O i] lines are observed. This could indicate that
the gas disc around this massive, luminous object is too
hot for hydrogen (hence oxygen) to exist in its neutral
state at an amount sufficient for detection. Considering the
mass estimates and binary separation by Lobel et al. (2013),
the emission region of [Ca ii] must clearly be circumbinary,
and from our rotational velocity we obtain a distance of
23.4± 4AU.
The B[e]SG V1478 Cyg (MWC 349A) is surrounded
by a large (0.05AU to 130AU) Keplerian rotating disc,
consisting of an ionized surface layer and a cool, neutral
and dusty mid-layer, at least in the outer regions. More-
over, a wind is ejected from the ionized disc at a radius of
∼ 24AU, with a terminal outflow velocity of 60 kms−1, and
rotating in the same sense as the disc (Ba´ez-Rubio et al.
2013, 2014). With the recent, new mass estimates of
38–40M⊙ (Gvaramadze & Menten 2012; Ba´ez-Rubio et al.
2013), we locate the [Ca ii] emission region at a distance
of 24.6± 1.3AU, which coincides with (or is just beyond)
the region, from which the wind is launched. The Keple-
rian velocity obtained for [O i] agrees with the values ob-
tained for several hydrogen recombination maser lines (e.g.,
Thum et al. 1994a,b, 1995). The distance of their emission
regions amounts to 55.7± 5.9AU.
The rotational velocities of the forbidden lines in
3 Pup, when combined with those obtained from CO band
(53 kms−1, Muratore et al. 2012b) and SiO band emission
(48 kms−1, Kraus et al. 2015), provide the best example
for tracing the Keplerian gas disc from the atomic to the
molecular region. However, proper distance determination
of the emission regions is hampered by the uncertain mass
(luminosity) of the central object. Millour et al. (2011) de-
termined a value of 15–20 M⊙ and a distance of 650 pc.
The kinematically resolved gas disc would thus extend from
3.0± 0.4AU ([Ca ii]) to 6.7± 1.0AU (SiO). This parameter
combination would place (parts of) the atomic and molecu-
lar emission regions beyond the inner edge of the dusty disc,
which is suggested to be at about 4AU (Millour et al. 2011).
However, the temperatures of these molecular regions clearly
exceed the dust sublimation temperature, and should hence
be located closer to the star than the dusty part.
This inconsistency can only be resolved for either a
lower mass of the central object or a greater distance (or
a combination of both). Chentsov et al. (2010) have deter-
mined a slightly greater distance of 700 pc, a spectral type of
MNRAS 000, 1–15 (2015)
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A2.7±0.3 Ib, and a value of MV = −5.5± 0.3. This results
in a luminosity value of logL/L⊙ = 4.10± 0.12. Assigning
the total luminosity to the massive component, a mass can
be estimated from a comparison with stellar evolutionary
tracks from Ekstro¨m et al. (2012) for single rotating stars
with solar metallicity. This delivers a possible mass range of
9–10.5M⊙. The kinematically traced disc would thus extend
from 1.67± 0.13AU ([Ca ii]) to 3.75± 0.29AU (SiO), while
the slightly greater distance to the object would place the
inner edge of the dusty disc at 4.2AU, hence providing a
more consistent scenario.
5 CONCLUSIONS
In our survey of B[e] stars, we detect emission of the strate-
gic [Ca ii] lines in four out of a sample of nine objects.
Three of these objects with [Ca ii] emission are known to
possess circumstellar discs, and the kinematics derived from
the line profiles agree with Keplerian rotation. Two of these
sources, V1478 Cyg and 3 Pup, are B[e]SGs, while the third
one, V1429 Aql, is an LBV candidate. The fourth object,
OY Gem, is a known compact planetary nebula. If it has
a disc, it should be oriented pole-on, because no kinematic
broadening was detected beyond spectral resolution.
Another object of this survey is CI Cam, which was
reported by Clark et al. (1999) and Hynes et al. (2002) to
show all characteristics typically seen in B[e]SGs after it had
experienced an outburst. This star shows no indication for
either [Ca ii] or [O i] emission in our spectra, in line with
the reported disappearance of its CO band emission. This
suggests that CI Cam is back in its pre-outburst state.
Our sample also contains three B[e] stars with unclear
evolutionary stage. None of them has the [Ca ii] lines, and
only the disc source V743 Mon displays emission in the Ca ii
IR triplet. Based on the results of Aret et al. (2012) and also
those presented here, the [CaII] lines tend to appear in re-
gions closer to the star than the [OI] lines, i.e., in regions
of higher density. The lack of measurable amounts of emis-
sion from these non-massive stars might hence indicate that
their circumstellar environments have not the proper phys-
ical conditions in terms of density and size of the emitting
volume.
The detection of the strategic forbidden lines, particu-
larly in massive stars which have circumstellar environments
with high density and rather large volume, as it is the case in
the discs of B[e]SGs, strengthens their importance as valu-
able disc tracers. Hence, these lines provide an ideal tool
to identify objects with similar circumstellar environments,
and allow us to study the physical conditions and kinematics
within their line forming regions.
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